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A Long—term Durability Prediction for RC Structures Exposed to Carbonation
Using Probabilistic Approach
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Abstract

This paper provides a new approach for durability prediction of reinforced concrete structures exposed to carbonation.
In this method, the prediction can be updated successively by a Bayes' theorem when additional data are available. The
stochastic properties of model parameters are explicitly taken into account in the model. To simplify the procedure of the
model, the probability of the durability limit is determined based on the samples obtained from the Latin Hypercube
Sampling (LHS) technique. The new method may be very useful in design of important concrete structures and help to
predict the remaining service life of existing concrete structures which have been monitored. For using the new method,
in which the prior distribution is developed to represent the uncertainties of the carbonation velocity using data of
concrete structures (3700 specimens) in Korea and the likelihood function is used to monitor in—situ data. The posterior
distribution is obtained by combining a prior distribution and a likelihood function. Efficiency of the LHS technique for
simulation was confirmed through a comparison between the LHS and the Monte Calro Simulation(MCS) technique.
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Fig. 1 Scenario of concrete corrosion according to carbonation.
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Table 1 Carbonation velocity coefficient according to station of

the bridges.
StaFion of | The n'umber Mean o S;i?gg;i Normglity t.est
bridges | of bridges | (mm/year ") (year’™) (shapiro—wilk)
River 1631 2.255 2.391 0.56
Land 780 2.899 2.380 0.167
Sea 95 2.761 1.920 0.121
Rivers 514 2.450 2.747 0.315
Land+* 673 3.762 3.405 0.642
Seax 7 5.366 2.443 0.216
* station of the bridges under urban area.
B= M—z Pi=o(—p) (13)
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Fig. 2 Probability distribution of carbonation velocity coefficients(A)
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Table 2 Determination Standard code of carbonation velocity
coefficient(Miguel, 2001).

Quality of The number of structures(%)
a A
concrete River | Land | Sea | Rivers | Land* | Seax | Total
boor | 4510 23 8 0 9 45 0 85

(14 | (1O |00 | 1.8 | 6.7 |(0.00 | (2.30)

137 | 110 | 12 38 116 5 418

average |5AI01 oy | a1y laze) | @a | a7 | 71 | a1

1471 | 662 | 83 467 512 2 3197

good 1 AS ) 000y | 819 |79 | ©0.9) | 761 | 286 | ®6.4)

* station of the bridges under urban area.

oM 24 Alge AREEREE A4 2 5 s A
A Qe Ame A & < Qi
4. Bitet Uiy s AlLf2]2

B egole thev) 22 Aaw Y a5
313, Fig. 33 o] vehysick

1) ghlst sjA o) A8 AARSE A S,

2) AAE AR 22 ES] BAksl A9
Hd REAlAE i

3) 7 (normal distribution) S ©]8-8t] 7} A4

=0 A E L8 (Cumulative Density Function

. CDF) & AAdsht
4) 3 gAolA AXrE CDFS} LHSS o] &-ato] AW

T o

5 FEdE AE= W
Eis

6) ETH 7 AANEE ol g @A} Lol Z A
ek AR eSS e

7) 27 ZUEY el 2] $EeE ARk,

8) 7] SEFSE A3l GuA] To MM ol

SR WBEAY Fitsh mEAR

9) W w2

= Jafo] AdA|Ql rEtow A T AN
=2 o] g3lo] AFA A2 Fala LRE]
g Teith

5. M0

517 2

B =R 1995~ 200797 SFEA| Ao B ek

IreFTss|R| 143 M55(2010. 9) 123



STAGE. 2
1. Calculate inirtial likelihood function
using theinitial monitoring data
2. Correct prior distribution using the
calculated initial likelihood function

-

STAGE. 3
1. Determine based on limit-state function
2. Calculate reliability index
3. Compare reliability indexes before and
afterupdate
4 Determine a time forrepair & reinforcem-
ent before and afterupdate

\_,/_

C START )

h

Determination of
applicationtimes for
repair and maintenance

STAGE.1
Appllcatan of STAGE 1
carbonation . .
i 1. Select design variables.
analysis model 2 Create design variable and cumulated
distribution.
3. Sample design variables using Latin
J,p Hvpercube Sampling Technique.
4. Armrange the samples randomly and group
STAGE.2 the design variables.
App]_j_catj_on of Bayesj_an 5. Calculate carbonation depth(mm) using
approach method the grouped design variables
6_Calculate prior distribution based on the
carbonation depth{mm})
1!
STAGE.3

h
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Fig. 3 Analysis procedure of the carbonation durability prediction.

Table 3 Application of monitoring data.

Name Station of | Measured Time Carbonation
bridges point (year) depth (mm)
Gaiwa IC 1 °
elevated Land Pier 16 5
bridge 19 7
) 17 2
deq grand Sea abutment 21 10
bridge
23 5
10 6
Noryang . . -
grand bridge River Pier (old) 17 6.5
22 8.4
5 20
Yangoveong | q o Pier 11 20.8
bridge
15 22.8

* station of the bridges under urban area.
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Table 4 Statistical results of cover depth for existing bridges.

Table 5 Durability by target service life of the domestic concrete
structures (KCI, 2004)

Station of The number Mean Standard
bridges of bridges (mm) Deviation (mm)
River 1256 57.18 34.98
Land 540 61.66 32.50
Sea 117 62.44 49.57
Rivers 399 57.17 33.73
Land* 541 61.27 33.08
Seax 7 63.71 32.13

.. .. T
Durability Description e'ufget'
service life
1st lovel Structure that requires an extremely 100 vears
high level of durability y
C| h: i high level of -
9nd level Strqure that requires a high level o 65 years
durability
3rd level Structyre that requires a low level of 30 years
durability

# station of the bridges under urban area.
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